, Z = 1. The crystal structure was refined on a twinned crystal to R 1 = 2.81% on the basis of 2157 unique reflections (F o > 4σF o ) and is a framework of TS (Titanium Silicate) blocks, which consist of HOH sheets (H -heteropolyhedral, O -octahedral) parallel to (100). In the O sheet, the the Si sites are occupied by Si, with <Si-O> = 1.623 Å; the [6] M H site is occupied by Y and rare-earth elements (Y > REE), with minor Mn, Zr, Na, Fe 2+ and Ca, <M H -j> = 2.271 Å and the [6] A P site is occupied by Ca, <A P -j> = 2.416 Å. The M H and A P octahedra and Si 2 O 7 groups constitute the H sheet. The ideal compositions of the O and two H sheets are Na 3 Ti(OF)F 2 and Y 2 Ca 2 (Si 2 O 7 ) 2 apfu. Fogoite-(Y) is isostructural with götzenite and hainite. The mineral is named after the type locality, the Fogo volcano in the Azores.
. The six strongest reflections in the powder X-ray diffraction data [d (Å), I, (h k l)] are: 2.954, 100, ( 1 1 2, 3 1 0); 3.069, 42, (3 0 0, 0 1 2); 2.486, 24, (3 1 0, 2 1 2); 3.960, 23, ( 1 1 1, 2 1 0); 2.626, 21, ( 2 2 0); 1.820, 20, ( 1 0 4). Electron microprobe analysis gave the following empirical formula calculated on 18 (O + 12 F 2.88 , Z = 1. The crystal structure was refined on a twinned crystal to R 1 = 2.81% on the basis of 2157 unique reflections (F o > 4σF o ) and is a framework of TS (Titanium Silicate) blocks, which consist of HOH sheets (H -heteropolyhedral, O -octahedral) parallel to (100). In the O sheet, the the In the H sheet, the two [4] Si sites are occupied by Si, with <Si-O> = 1.623 Å; the [6] M H site is occupied by Y and rare-earth elements (Y > REE), with minor Mn, Zr, Na, Fe 2+ and Ca, <M H -j> = 2.271 Å and the [6] A P site is occupied by Ca, <A P -j> = 2.416 Å. The M H and A P octahedra and Si 2 O 7 groups constitute the H sheet. The ideal compositions of the O and two H sheets are Na 3 Ti(OF)F 2 and Y 2 Ca 2 (Si 2 O 7 ) 2 apfu. Fogoite-(Y) is isostructural with götzenite and hainite. The mineral is named after the type locality, the Fogo volcano in the Azores.
Introduction FOGOITE-(Y), Na 3 Ca 2 Y 2 Ti(Si 2 O 7 ) 2 OF 3 , is a Group I TS-block mineral in accord with Sokolova (2006) . The mineral is named after the type locality, the Fogo volcano in the Azores. TSblock (Titanium Silicate) minerals are divided into four groups, characterized by a different topology and stereochemistry of the TS block. The TS block consists of the central O (Octahedral) sheet and two H (Heteropolyhedral) sheets containing Si 2 O 7 groups. In Group I, Ti (+ Nb + Zr) = 1 apfu and Ti (+ Nb + Zr) Christiansen and Rønsbo, 2000) : type 1 occurs in rinkite, nacareniobsite-(Ce) and mosandrite (space group P2 1 /c) and type 2 occurs in fogoite-(Y), hainite, götzenite, kochite, rosenbuschite (space group P 1) and related seidozerite and grenmarite (space group P2/c).
The new mineral and its name have been approved by the Commission on New Minerals, Nomenclature and Classification, International Mineralogical Association (IMA 2014-98) . The holotype material is deposited in the collections of the Museo Regionale di Scienze Naturali di Torino, Torino, Italy, catalogue numbers M/U 16800 and M/U 16801, and the Royal Ontario Museum, Toronto, Ontario, Canada, catalogue number M56826. A further sample from the same locality has been deposited at the Muséum National d'Histoire Naturelle of Paris, France, catalogue number MIN2015-003. The current paper reports the description and crystal structure of fogoite-(Y).
Occurrence
Fogoite-(Y) was found in a syenite xenolith, in the bed of the upper part of the Ribeira Grande river near the ruins of Lombadas, close to Lagoa do Fogo (Lake of fire), a crater lake in the Agua de Pau stratovolcano (also named Fogo volcano) in the centre of São Miguel Island in the Azores (37°46′26″N 25°27′29″W). Associated minerals are sanidine, astrophyllite, fluornatropyrochlore, ferrokentbrooksite, quartz and ferro-katophorite. Other minerals described from these syenite ejecta are dalyite, chevkinite-(Ce), britholite-(Ce), eudialyte and a låvenite-like mineral (Ridolfi et al., 2003) .
The Azores archipelago straddles the Mid-Atlantic Ridge and emerges from the Azores Platform, (37-40°N and 25-31°W) near the North AmericanAfrican-Eurasian triple-plate junction. São Miguel is one of the eastern islands, and is divisible into six volcanic zones (Moore, 1990) : three large and dominantly trachytic, Quaternary stratovolcanoes (Sete Cidades, Agua de Pau and Furnas; Moore, 1991) and the Pliocene-Pleistocene northeast shield volcano (extinct) with its associated Povoaçao caldera (Abdel-Monem et al., 1975; Fernandez, 1980) separated by two Quaternary alkali basalt volcanic fields. The Agua de Pau products (starting from 180 ka) range from basaltic to trachytic, and alkaline to transitional basalt lavas erupted from the flank vents. The more recent products date from 5 ka with the eruption of the trachytic Fogo-A plinian fall deposit (Walker and Croasdale, 1970; Widom et al., 1992) , which contains abundant syenite clasts containing feldspar, arfvedsonite, augite and/or aegirine, Fe-Ti oxide, zircon, pyrochlore, rare biotite and a few modal percent of quartz. The youngest clasts are friable syenites with miarolitic cavities and homogeneous sanidine, those containing fogoite-(Y). The syenite clasts within the Agua de Pau plinian deposits are divisible into silica-undersaturated syenites and silica-saturated/oversaturated syenites. They are considered to be the slowly cooled equivalents of the less-evolved and more-evolved trachytes in the shallow sub-volcanic magmatic system of Agua de Pau. Interstitial liquids of both syenite groups, trapped within a feldspathic framework, became progressively enriched in volatiles, alkalis, high-field-strength elements and REE. In the silica-undersaturated syenites (assumed to be material grown on the sidewalls of the magma chamber), late-stage fractionation resulted in highly peralkalic (agpaitic) residual melts from which the complex Zr-Ti silicates eudialyte and a låvenite-like mineral crystallized (Ridolfi et al., 2003) .
Physical properties
Fogoite-(Y) occurs in cavities as acicular [001] prisms with equant cross-sections, up to 2000 μm long and 50 μm × 50 μm in cross-section (Fig. 1) . The main forms are {100} and {010}. Crystals are generally creamy white, transparent to translucent, with vitreous TABLE 1. The Group I TS-block minerals*, Ti (+ Nb + Zr) = 1 apfu.
Mineral
Str. type Ideal structural formula lustre. Very thin crystals are colourless. Crystals are often parallel or grouped in radiating aggregates (Fig. 1a) . They can also be isolated (Fig. 1b) . Fogoite-(Y) has a white streak, splintery fracture and does not fluoresce under cathode or ultraviolet light. Cleavage is {100} very good, no parting was observed, Mohs hardness is ∼5, and it is brittle, D calc. = 3.523 g/cm 3 (using the empirical formula and the single-crystal unit cell). Macroscopically, individual crystals do not show twinning. However, diffraction data show the presence of twinning by reticular merohedry (see later). Fogoite-(Y) is biaxial (+) with refractive indices (λ = 590 nm) α = 1.686(2), β = 1.690(2), γ = 1.702(5).
The optic axial angle is 57(1)°and 2V calc. = 60°. It is nonpleochroic. The optical orientation is given in Table 2 . The compatibility index (1 -Kp/Kc) = 0.006 (for D calc. = 3.523 g/cm 3 ) is rated as superior.
Fourier transform infrared (FTIR) spectroscopy
The IR spectrum of fogoite-(Y) was collected on a crystal fragment using a Bruker Hyperion 2000 IR microscope equipped with a liquid nitrogen cooled MCT detector (Fig. 2) . Data over the range 4000-650 cm -1 were obtained by averaging 100 scans with a resolution of 4 cm -1
. No bands were observed in the OH-stretching region (3000-4000 cm -1 ), in accord with the absence of OH and H 2 O groups in the structure (Fig. 2) . In the lowfrequency region, peaks at 1088, 1000, 803 cm -1 are assigned to Si-O stretching vibrations of the Si 2 O 7 groups, and a peak at 677 cm -1 is due to stretching vibrations of the Si-O-Si bridges of Si 2 O 7 groups.
Chemical analysis
A single crystal of fogoite-(Y) was analysed with a Cameca SX-100 electron-microprobe operating in wavelength-dispersion mode with an accelerating voltage of 15 kV, a specimen current of 20 nA, a beam size of 5 μm and count times on peak and background of 20 and 10 s, respectively. The following standards were used: Si, Ca: diopside; F: fluorite; Na: albite; Nb: Aluminium, Mg, Ba, Th, Pr and Ho were sought but not detected. Data were reduced using the j(ρZ) procedure of Pouchou and Pichoir (1985) . The chemical composition of fogoite-(Y) is the mean of ten determinations and is given in X-ray data collection and structure refinement X-ray data for fogoite-(Y) were collected from a twinned crystal with a single-crystal Bruker D8 three-circle diffractometer equipped with a rotatinganode generator (MoKα radiation), multilayer optics and an APEX-II detector. Powder X-ray diffraction data were obtained by collapsing experimental data from the single-crystal into two dimensions and are presented in Table 4 . Details of data collection and structure refinement are given in Table 5 . The intensities of reflections with -13 ≤ h ≤ 13, -7 ≤ k ≤ 7, 0 ≤ l ≤ 10 were collected with a frame width of 0.3°and a frame time of 10 s, and an empirical absorption correction (TWINABS, Sheldrick, 2008 ) was applied. All tested crystals were twinned by reticular merohedry. The twin operation is a 180 o rotation around [001] and twin index is 2 (see Fig. 3 ). The same twinning has reported by Bellezza et al. (2004b) in related minerals like götzenite. CELL_NOW (Sheldrick, 2004) was used to obtain an HKLF5 file, and with the Bruker SHELXTL Version 5.1 refinement of the crystal structure was carried out in space group P 1 using the atom coordinates of götzenite . The crystal structure of fogoite-(Y) was refined to R 1 = 2.81%, the twin ratio being 0.534(4):0.466(4) ( (Wilson, 1992) . Final atom coordinates and equivalent displacement parameters are given in Table 6 , selected interatomic distances and angles in Table 7 , refined site-scattering values and assigned site-populations in Table 8 , and bondvalence values for selected anions in (1) site is occupied primarily by Ti with subordinate Nb and minor Ta (Table 8) , and it is coordinated by four O atoms and two (O,F) anions at the X O M site (Fig. 4a) , with <M O (1)-j> = 1.980 Å (Table 7) . Titanium is positionally disordered at the M O (1) site, with Ti-Ti = 0.366 Å (Fig. 4b) and narsarsukite, Na 2 (Ti,Fe)Si 4 (O,F) 11 (Mesto et al., 2015) . In fogoite-(Y), the four M (Table 9 ) and 1.65 vu where it is calculated with the bond-valence parameters for cation-oxygen and (Table 8) .
In the H sheet, there are two tetrahedrally coordinated Si(1,2) sites occupied by Si and two [6]-coordinated sites, the Y-dominant M H site and the A P site occupied by Ca ( (Tables 7, 8, Fig. 4c ). The ideal composition of the A P + M H sites is Ca 2 Y 2 apfu. We write the cation part of the TS block, A Ca gőt 2+ +2 [O] Ca gőt 2+ . 
